A bstract: During a survey of the freshwater aquatic and limno-terrestrial diatom flora of the Maritime Antarctic Region, six taxa belonging to the genus Muelleria that could not be identified were observed. Based on detailed LM and SEM observations, these six taxa have been described as new taxa: Muelleria desseiniana sp. no v .,M levkoviana sp. nov.,M nogae sp. nov.,M spauldingiana sp. no v., M subsabbei sp. nov. and AE undulatoides sp. nov. Comments are made on their taxonomic position and how they can be distinguished from other species in this genus. Brief notes on the ecology and distribution of the six taxa are added. A compiled list of all Muelleria taxa described worldwide is included in this paper.
I n t r o d u c t i o n
The genus Muelleria is one of the most species rich genera in the Antarctic Region despite its rather low total number of described species ( S p a u l d in g et al. 1999; V a n d e V ij v e r et al. 2010). Up to now, only 29 taxa are recognized worldwide of which 16 have a distribution restricted to the Antarctic Region. Table 1 summarizes all collated published taxonomic information on all Muelleria species described so far worldwide. Together with the genera Diadesmis, Luticola and Hantzschia, the genus is one of the major constituents of the terrestrial (soil) diatom flora, although populations rarely reach high abundances ( F e r m a n i et al. 2007 ; K o p a l o v á & V a n d e V ijv e r 2013). V a n d e V ij v e r et al. (2010) elaborately discuss the success of the genus Muelleria in the Antarctic Region which may be due to several factors such as their strong preference for wet or semidry terrestrial habitats which are abundantly present in this region. But it is also likely that a comparable diversity within this genus could be found in the Arctic Region and the low number of recorded taxa from the Arctic could be the result of undersampling and/or force-fitting.
Muelleria taxa are easily recognizable in light microscope (LM) based on the presence of longitudinal ribs bordering the axial area, typically (strongly) deflected to even hooked proximal raphe endings and central striae that are usually more distant than the other striae in most species. Confusion with other taxa is only possible with certain species of the genus Neidium but the latter is very rare in the Antarctic Region ( H a m il t o n et al. 2013).
The highest Muelleria diversity seems to be concentrated on the South Orkney (SOI) and South Shetland (SSI) Islands. S p a u l d in g et al. (1999) and V a n d e V ij v e r et al. (2010) described nine new taxa from Signy Island (SOI), Deception Island (SSI) and King George Island (SSI). During an ongoing revision of the Antarctic diatom flora of some islands in the Maritime Antarctic Region, several very small populations of Muelleria taxa were found on Livingston Island (SSI) and James Ross Island. Based on LM and SEM analysis of their structure, six of these taxa could not be identified using the currently available literature and are described here as new species. The relationship of the new taxa in comparison with other Muelleria taxa from the Antarctic Region and notes on their ecological preferences are presented.
M a t e r ia l s a n d M e t h o d s
Epilithic, sediment and moss samples were collected from various terrestrial and freshwater habitats in the following islands in the southern Atlantic Ocean: Livingston Island (South Shetland Islands) and James Ross Island (Table 1) . Samples were fixed in the field with 3% formaldehyde. More information on sampling methods and physico-chemical For light microscope (LM) observations, diatom samples were prepared following the method described in V a n d e r W e r f f (1955) . In total, 6 sample sites and microhabitats were examined in this study, with all samples listed in Table 2 . Subsamples of the original material were oxidized using 37% H20 2 and heating to 80 °C for about 1 h. The reaction was further completed by the addition of saturated K M n04. Following digestion and centrifugation (three times 10 min at 3700 xg), the material, free of organic matter, was further diluted with distilled water for sample mounting to avoid excessive concentrations o f diatom valves on the slides. A subsample from the organic-free material was mounted in Naphrax®. The slides were analyzed using an Olympus BX51 microscope, equipped with differential interference contrast (DIC) optics (Nomarski) and Colorview I Soft Imaging System. Observations on Muelleria levkoviana sp. nov. were made using brightfield optics as images in DIC produced only overexposed images. Diatom samples and slides are stored at BR (National Botanic Garden of Belgium). For scanning electron microscopy (SEM), aliquots of the oxidized suspensions were filtered through 1-pm pore size polycarbonate filters which were cut in small pieces, fixed on aluminum stubs after air-drying and sputter coated (Cressington 208HR, Watford, UK) with Au (10 nm). Observations and photomicrographs were performed with a Zeiss® Ultra plus SEM at 8 kV at the Natural History Museum (London, UK). The number of observations is quite low but can be explained by the very rare occurrence of Muelleria taxa in the different samples as was indicated previously in V a n d e V i j v e r et al. (2010) .
Identifications and species determinations are based primarily on S p a u l d in g & S t o e r m e r (1997) A compiled list of all Muelleria taxa known to date with references to their original description, type locality and presence in Antarctica is done (Table 2) .
R e s u l t s a n d D i s c u s s i o n
A total of fourteen Muelleria taxa has been found in the samples. Eight of them had been previously described ( S p •S * § *03 »S
"5S r- and even beyond the first row of areolae. Distal raphe endings are weakly deflected to the same side of the valve as the proximal raphe ends. Striae near the central area (6-9 striae) more spaced than the other striae and clearly radiate whereas other striae more distant from the central area only slightly radiate, becoming almost entirely parallel near the apices. Central striae 13-15 in 10 pm, distal striae 27-29 in 10 pm. Areolae hardly discernible in LM. Scanning electron microscopy (Figs 9-10): Striae composed of usually transapically elongated, short, slitlike areolae. First row of areolae bordering the axial area however appearing as short wavy slits, separated from the rest of the striae by a narrow hyaline area and gradually becoming longer towards the apices (Fig. 9) . Near the distal raphe ends, one or two large, rounded canal punctae present. Proximal raphe endings unilaterally bent, long, extending into the first row of areolae. Distal raphe endings deflected onto the valve mantle, not bifurcated (Fig. 9) . Internally, clear but short rectelevatum present between proximal raphe endings. Longitudinal canals forming narrow ribs running from central area towards the apices, clearly perforated on both sides by first row of areolae (Fig. 10) . Distal raphe endings tenninating on short helictoglossae (Fig. 10) . well from all other known Muelleria taxa. The raphe is not bifurcated in its distal part, a feature rarely seen within the genus Muelleria. Muelleria sabbei shows comparable, though shorter, raphe endings but has a clearly elliptic-lanceolate valve outline with broad, convex margins ( V a n d e V i j v e r et al. 2010). Additionally, the areolae bordering the central area are small and rounded whereas in Aí. desseiniana, the areolae fonn long wavy slits. 6.0-7.8 um. Axial area rather narrow, linear, widening near the small central area. First row of areolae not separated from the rest of the striae. Raphe filiform, straight with clearly unilaterally bent, long proximal raphe endings extending almost till and even beyond the first row of areolae. Distal raphe endings not well visible in LM, apparently deflected. Striae near the central area (5-7 striae) only slightly more spaced than the other striae and clearly radiate whereas other striae more distant from the central area only slightly radiate.
gradually becoming parallel near the apices. Central striae 16-18 in 10 pm, distal striae 20-22 in 10 pm. Areolae moderately discernible in LM. Scanning electron microscopy ( Fig. 22) : Striae composed of two types of areolae: near the axial area usually 1-3 rows of apically elongated areolae, gradually becoming transapically elongated. Central striae composed of only transapically elongated areolae. Proximal raphe endings clearly bent, almost reaching each other at the end, extending till the first 
Ecology and distribution:
Muelleria levkoviana was only found so far in small numbers in one moss sample on Byers Peninsula (Livingston Island). The mosses were sampled near the shore of a very large lake close to a large penguin rookery. Remains of penguins, such as feathers and partly decomposed body parts, were visible in and around the lake. The sample was dominated by Chamaepinnularia australomediocris ( L a n g e -B e r t a l o t et S c h m i d t ) V a n d e V i j v e r and various Psammothidium taxa such as P. papilio ( K e l l o g g et al.) K o p a l o v á et V a n d e V i j v e r , P. germainii ( M a n g u i n ) S a b b e and P. incognitum ( K r a s s k e ) V a n d e V i j v e r et B e y e n s .
Taxonomical remarks:
Despite the single SEM observation of the M. levkoviana so far, it is possible to justify its separation from all other Muelleria taxa known so far. Similar taxa include M terrestris ( P e t e r s e n ) S.A. 
S p a u l d i n g et S t o e r m e r , M. meridionalis S.A.S p a u l d i n g et S t o e r m e r , M. supra S . A . S p a u l d i n g et E s p o s i t o , M. australoatlantica and M. relicta ( M c C a l l ) R e i c h a r d t . Muelleria relicta

Ecology and distribution:
Muelleria nogae is a rare species found so far only on Livingston Island and on King George Island ( T e r e s a N o g a , pers. comm.). The largest population was found in sample LIV-BY16A, taken from a biofilm in an area flooded by fresh water between stones on Byers Peninsula close to the main plateau. The sample is dominated by various taxa of Luticola, Hantzschia, Pinnularia and Diadesmis. Proximal raphe endings unilaterally bent, relatively long, terminating before the first row of areolae, never extending into the first row. Distal raphe endings deflected to the same side as the proximal endings. Striae near the central area (4-5 striae) more spaced than the other striae and clearly radiate whereas other striae more distant from the central area only slightly radiate, gradually becoming parallel and even weakly convergent near the apices. Central striae 13-15 in 10 pm, distal striae 19-21 in 10 pm. Striae rather coarse, areolae discernible inLM , 18-20 in 10 pm.
Scanning electron microscopy (Figs 39-40):
Striae composed of irregularly (c-and e-) shaped areolae throughout the entire valve. Largest and most complex areolae present near the axial area, gradually becoming smaller and more rounded towards the valve margins (Fig. 39 ). Areolae on mantle showing similar irregular shape (Fig. 40) . Proximal raphe endings bent, terminating before the first row of areolae. Distal raphe endings bifurcating due to a large siliceous flap. One large canal punctum present near distal raphe endings (Fig. 40) . Due to the rarity of this taxon, no observations of the valve interior could be made. 
Ecology and distribution:
Muelleria spauldingiana is a very rare species, occasionally observed in very low numbers in some lakes of Livingston Island (South Shetland Islands). The largest population was found in a large lake between Midge and Limnopolar Lake on the central plateau of Byers Peninsula (although only a few valves were found). The lake is characterized by a slightly alkaline pH (7.35) and low specific conductance values (< 100 gS.cm '). Ecology and distribution: So far the species has only been found in very low numbers in between mosses covered with thin cyanobacterial mats, collected on the shore of a small pool on Hurd Peninsula, Livingston Island, South Shetland Islands.
Taxonomic remarks: Actually, there is only a handful of Muelleria species showing an undulated valve outline. K o l b e (1959) discusses the morphology of Navicula lagerstedtii C l e v e but shows valves that represented a different taxon, later described as N. dubitanda. Therefore, several years later, H u s t e d t & K o l b e described in 1961 Navicula dubitanda (in 1997 latertransferred toM w e / f e r m by S p a u l d i n g et S t o e r m e r ) but the illustrated valves show a species which is much bigger (up to 52 pm) with very narrow apices contrary to M. undulatoides that is smaller and has broadly rounded apices ( H u s t e d t 1961). Navicula gibbula var. undulata, described in 1938 from Iceland, has a similar valve outline with undulated margins ( K r a s s k e 1938). Only 2 specimens could be identified from this species ( L a n g e -B e r t a l o t et al. 1996, plate 17, figs. 25, 25) . Based on the illustrations, the latter taxon apparently has a finer striation pattern, compared to the coarse striae in M. undulatoides. Moreover, the overall valve shape appears more slender and less compacted as is the case in M. undulatoides. Therefore, we exclude conspecificity between both taxa despite the lack of a detailed SEM analysis between both taxa. Muelleria holmenii ( F o 
